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(57) ABSTRACT

The method for making an optical lens according to the
present invention 1s characterized 1n comprising: a optical
lens preform fabrication step of fabricating a optical lens
preform which comprises a first curved portion which serves
as an optically functioning part and which 1s on one side, a flat
surface portion which 1s formed on the opposite side to the
first curved portion, and paired beveling surfaces which are
formed on the both sides of the flat surface portion; a drawing
step of drawing a optical lens preform 40 until the optical lens
preform 40 has obtained a desired outer diameter; and an
optical lens fabrication step of cutting thus drawn optical lens
preform and accordingly fabricating an optical lens. With this
making method, since there are paired beveling surfaces dis-
posed, 1t 1s possible to suppress a drawing-induced distortion.

2 Claims, 5 Drawing Sheets
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OPTICAL LENS PREFORM, OPTICAL LENS,
AND METHOD OF MAKING OPTICAL LENS

This 1s a divisional application of copending application
Ser. No. 10/4°76,93°7, having a §371 date of Nov. 6, 2003 now

U.S. Pat. No. 7,322,877, which 1s a national stage filing based
on PCT International Application No. PCT/JP 02/04498, filed

on May 8, 2002. The copending application Ser. No. 10/476,
937 1s incorporated by reference herein 1n 1ts entirety.

TECHNICAL FIELD

The present invention relates to an optical lens which func-
tions 1n response to light emitted from a light emitting ele-
ment, a method for making an optical lens, and optical lens
perform used for making of an optical lens by drawing
thereol.

BACKGROUND ART

Japanese Patent No. 3121614 and British Patent No.
(GB2108483 A disclose methods for making a micro lens by
drawing. According to these making methods, a base material
(a preform) which 1s shaped like a cylindrical column 1s
manufactured, heated and drawn, whereby a cylindrical lens
1s obtained which has the same cross sectional shape as the
preform.

DISCLOSURE OF THE INVENTION

Such conventional methods for making an optical lens have
a defect that optically functioning parts which function 1n
response to light are not fabricated as designed, because of
distortion of the preform which develops during drawing.

In consideration of this problem, an object of the present
invention 1s to provide an optical lens preform which allows
to manufacture an optical lens to a desired design, a method
for making an optical lens, and an optical lens.

To achieve the object above, a optical lens preform accord-
ing to the present invention 1s a optical lens preform which 1s
made of a transparent material and into the shape of a cylin-
drical column, comprising: a first curved portion which 1s
tormed on one side, a flat surface portion which 1s formed on
the opposite side to the first curved portion, and paired bev-
cling surfaces which are formed along a column axis direction
on the both sides of the flat surface portion.

In the case of such optical lens preform, since there are
paired beveling surfaces on the both sides of the flat surface
portion, a drawing-induced distortion does not easily
develop. The beveling surfaces herein used mean that sur-
faces which connect the ends of the first curved portion and
the ends of the flat surface portion are located at least more on
the inner side at least more than extension planes from the
ends of the surfaces connected to the ends of the first curved
portion and extension planes from the ends of the flat surface
portion.

A optical lens preform according to the present invention 1s
a optical lens preform which 1s formed by a transparent mate-
rial and into the shape of a column, comprising: a first curved
portion which 1s formed on one side; a second curved portion
which 1s formed on the opposite side to the first curved por-
tion and which has a smaller curvature than that of the first
curved portion; and paired beveling surfaces which are
formed along a column axis direction on the both sides of the
first curved portion. The beveling surfaces herein used mean
that surfaces which connect the ends of the first curved por-
tion and the ends of the second curved portion are located at
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least more on the mner side at least more than extension
planes from the ends of the surfaces connected to the ends of
the first curved portion and extension planes from the ends of
the second curved portion.

Since this optical lens preform comprises the second
curved portion, 1t 1s possible to suppress a drawing-induced
distortion better than where a tlat surface 1s used.

In addition, since the paired beveling surfaces are formed
in advance on the both sides of the second curved portion, a
drawing-induced distortion does not easily develop.

The first curved portion 1s preferably formed by an aspheric
surface. When the first curved portion 1s desirably formed by
an aspheric surface, in a fabricated optical lens, 1t 1s possible
to make effective use of a function outside the curved portion.

Further, since the first curved portion 1s formed by an
aspheric surface whose curvature 1s larger than that of the
second curved portion (or the first curved portion which 1s on
the side where no flat surface portion) exists, a drawing-
induced distortion does not easily develop at the aspheric
surface, and therefore, 1t 1s possible to suppress damage to the
aspheric shape.

As herein referred to, an “aspheric surface” and a “spheri-
cal surtace” (which will be described later) are curved sur-
faces, such as a first curved portion 43 shown 1n FI1G. 1, which
are parallel to a column axis direction 20. Further, an
“aspheric surface” refers to a curved surface which has at
least two curvatures and whose curvature on the inner side of
a curved portion 1s larger than the curvature on the outer side.

The second curved portion 1s preferably formed by a
spherical surface. This allows to easily form the second
curved portion. A “spherical surface™ refers to a curved sur-
face which has one curvature.

The second curved portion may be a convex curved sur-
face. Alternatively, the second curved portion may be a con-
cave curved surface.

The paired beveling surfaces are preferably formed as
curved surfaces. This makes 1t possible to further suppress a
deformation of the preform because of drawing.

A method for making an optical lens according to the
present invention 1s characterized 1n comprising: a optical
lens preform fabrication step of fabricating any one of the
to-be-drawn optical lens preforms described above; a draw-
ing step of drawing the optical lens preform fabricated at the
optical lens preform fabrication step until the optical lens
preform has obtained a desired outer diameter; and an optical
lens fabrication step of cutting the to-be-drawn optical lens
preform drawn at the drawing step and accordingly fabricat-
ing an optical lens, wherein the first curved portion of the
optical lens preform drawn at the drawing step functions as an
optically functioning part which functions in response to
incident light or outgoing light.

A method for making an optical lens according to the
present invention 1s characterized 1n comprising: a drawing,
step of drawing the to-be-drawn optical lens preform manu-
factured at the optical lens preform fabrication step until the
optical lens preform has obtained a desired outer diameter;
and an optical lens fabrication step of cutting the to-be-drawn
optical lens preform drawn at the drawing step and accord-
ingly fabricating an optical lens, wherein the first curved
portion of the optical lens preform drawn at the drawing step
functions as an optically functioning part which functions in
response to mcident light or outgoing light.

Since such a method for making an optical lens allows to
determine the shape of the optical lens, and the shape of the
optically functioming part in particular before carrying out
drawing, it 1s possible to process 1n a sufliciently large size.
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As herein referred to, “tunctions in response to light”
means that incident divergent light 1s emitted after the angle
of divergence of the light has been reduced. Meanwhile, to
“cut” means to sever from a drawn optical lens preform and to
orind 1nto a desired shape and size.

An optical lens according to the present invention 1s char-
acterized 1n that 1t 1s manufactured by any one of the methods
for making optical lens described above.

The preform 1s processed 1n a suificiently large size and a
distortion of the optical lens preform 1s suppressed at the
drawing step owing to the paired beveling surfaces, and
hence, a fabricated optical lens 1s capable of accurately func-
tioning 1n response to light.

In this optical lens, 1t 1s desirable that light emitted from a
semiconductor laser element impinges upon the side surface
on which side the paired beveling surfaces exist, and the lens
emits the light after functioming upon the light. In the event
that the optical lens 1s used 1n response to a semiconductor
laser element, an outer rim portion of a light incident surface
1s never used as an optically functioming part. As shown 1n
FI1G. 7, theretore, when the side surface on which side the
paired beveling surfaces exist 1s used as a light incident sur-
face, the existence of the paired beveling surfaces will not
lead to a reduction 1n the lens effective area of the optical lens
but 1nstead makes 1t possible to eflectively utilize the lens
elfective area of the optical lens (the area of the optically
functioning part).

The present invention also aims at providing an optical lens
preform which 1s formed by a transparent material, wherein a
cross sectional shape along a flat surface which 1s orthogonal
to a longitudinal direction 1s substantially constant, and the
cross sectional shape 1s defined by a first curved line portion,
a first linear line portion which 1s opposite the first curved line
portion, a fourth and fifth linear line portions which extend
parallel to each other from the both ends of the first curved
line portion toward the first liner line portion, sixth and a
seventh lines which connect one ends of fourth and fifth linear
line portions to the ends of first linear line portion, and sixth
and seventh lines are located closer toward the first curved
line portion than extension lines from the both ends of the first
linear line portion and extension lines from the one ends of the
fourth and fifth linear line portions.

Another object of the present invention 1s to provide an
optical lens preform which 1s formed by a transparent mate-
rial, wherein a cross sectional shape along a flat surface which
1s orthogonal to a longitudinal direction 1s substantially con-
stant, and the cross sectional shape 1s defined by a first curved
line portion, a second curved line portion which has a smaller
principal curvature than that of the first curved line portion
and 1s opposite the first curved line portion, first and second
linear line portions which extend parallel to each other from
the both ends of the first curved line portion toward the second
curved line portion, and third and fourth lines which connect
one ends of the first and second linear line portions to the ends
of the second curved line portion, and third and fourth lines
are located closer toward first curved line portion than the
extension lines from the both ends of second curved line
portion and extension lines from the one ends of first and
second linear line portions. A principal curvature herein
referred to 1s a curvature of a circle obtained by approximat-
ing a curved line by a circle.

Another object of the present mvention 1s to provide an
optical lens which 1s formed by a transparent material,
wherein a cross sectional shape along a flat surface which 1s
orthogonal to a longitudinal direction 1s substantially con-
stant, and the cross-sectional shape 1s defined by a first curved
line portion, a second curved line portion which 1s opposite
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the first curved line portion, has a larger principal curvature
than that of the first curved line portion and whose center of
curvature 1s located outside the cross sectional shape, third
and fourth curved line portions which extend from the both
ends of the first curved line portion toward the second curved
line portion, whose centers of curvature are located outside
the cross sectional shape and which correspond to each other,
and fifth and sixth curved line portions which extend from the
ends of second curved line portion respectively toward the
ends of third and fourth curved line portions and which are
connected to the ends of third and fourth curved line portions,
and the centers of principal curvatures of fifth and sixth
curved line portions are located outside the cross sectional
shape.

The principal curvature herein used 1s a curvature of a
portion which forms a principal portion of a curved line
portion.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an overall view of a optical lens preform accord-
ing to a first preferred embodiment;

FIG. 2A and FIG. 2B are schematic drawings which show
steps during a method for making an optical lens according to
the first preterred embodiment;

FIG. 3 1s a cross sectional view of a optical lens preform
according to a comparison example and a cross sectional view
of an optical lens which 1s fabricated by drawing the optical
lens preform;

FIG. 4A and FIG. 4B are cross sectional views of the
optical lens preform according to the first preferred embodi-
ment and an optical lens which 1s fabricated by drawing this
optical lens preform;

FIG. SA and FIG. 5B are cross sectional views of a optical
lens preform according to a second preferred embodiment
and an optical lens which 1s fabricated by drawing this optical
lens preform;

FIG. 6 A and FIG. 6B are cross sectional views of a optical
lens preform according to a third preferred embodiment and
an optical lens which 1s fabricated by drawing this optical lens
preform; and

FIG. 7 1s a drawing which shows an optical function of the
optical lens according to the first preferred embodiment.

BEST MODES FOR CARRYING OUT THE
INVENTION

Preferred embodiments of the present invention will now
be described 1n detail with reference to associated drawings.
In the description below, 1dentical or corresponding portions
will be denoted with the same reference symbols, and redun-
dant description will be omaitted.

FIG. 1 1s an overall view of a optical lens preform accord-
ing to a first preferred embodiment. FIG. 2A and FIG. 2B are
schematic drawings which show steps during a method for
making an optical lens according to the first preferred
embodiment.

A optical lens preform 40 1s formed by a transparent glass
material and 1nto the shape of a column. On one side, a first
curved portion 43 1s disposed which 1s formed by a convex
curved surface and parallel to a column axis direction 20,
whereas on the other side (the side which 1s opposite to the
first curved portion 43), a tlat surface portion 71 1s disposed.
Paired side flat surface portions 44 formed by paired flat
surfaces are disposed between the first curved portion 43 and
the flat surface portion 71. On boundaries between the paired
side flat surface portions 44 and the flat surface portion 71,
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there are paired beveling surfaces 75. The flat surface portion
71, the paired side flat surtface portions 44 and the paired
beveling surfaces 75 are all parallel to the column axis direc-
tion 20. The optical lens preform 40 1s drawn along the col-
umn axis direction 20 as shown 1n FIG. 2A. Such a step of thus
tabricating the optical lens preform 40 will be referred to as a
optical lens preform fabrication step.

The first curved portion 43 1s a portion which serves as an
optically functioming part 43 of an optical lens 1 which 1s
obtained by this making method, and 1s formed as an aspheric
surface. When this portion 1s formed as an aspheric surface,
there 1s an advantage that 1t 1s possible to make effective use
of a function of the optically functioning part relative to
incident light, and more particularly, a function outside the
curved portion (1.e., an advantage that an aberration 1s elimi-
nated). The first curved portion 43 which 1s formed by an
“aspheric surface” does not provide a two-dimensional func-
tion but provides a one-dimensional function.

While formed as a flat surface when still a preform, the flat
surface portion 71 could be distorted during drawing and
deformed. Fabrication of the optical lens preform 40 is
designed considering a rate of deformation of the flat surface
portion 71 which could develop during drawing. With respect
to the first curved portion 43, since the curvature of the first
curved portion 43 1s large, a drawing-induced distortion will
not develop that intensively as 1n the flat surface portion 71.

The paired side flat surface portions 44 are formed parallel
to each other. This permits easy arrangement work when
these are arranged 1n contact with each other and 1n the form
of an array.

The paired beveling surfaces 75 have a function of sup-
pressing distortion and deformation developing during draw-
ing as described later.

According to a method for making an optical lens utilizing
a drawing process, 1t 1s possible to obtain the shape of an
optical lens which 1s to be fabricated, and particularly, the
shape of an optically functioning part at a stage that an optical
lens 1s still the optical lens preform 40 which has a sutficiently
large size (e.g., the width and the height are 2 through 6 cm
and 20 through 200 cm), 1t 1s possible to carry out these works
in a stmple and accurate manner.

Japanese Patent Application Laid-Open Gazette No.
H7-15521 discloses a method for making a refractive index
distribution-type cylindrical lens (SELFOC lens) through
drawing. According to this making method, used as a preform
1s a hughly pure quartz glass-base rod which 1s obtained by
increasing over multiple stages the volume of a fluorine
dopant from the center toward the outside 1n a radius direction
and accordingly reducing over multiple stages a refractive
index, and this method does not use anything 1n which an
optically functioning part 1s patterned in a preform as 1n the
present invention. While such a conventional making method
requires to dope fluorine by a method which uses an external
plasma source or develop a refractive index distribution by
ion exchange in which a preform 1s dipped 1 solvent salt for
a long time at a preform fabrication step, the present invention
does not demand such a step. Further, there also 1s a difference
that 1n the thus obtained optical lens 1, a light incident surface
and a light outgoing surface are not cylindrical curved side
surfaces and that the both end portions are used instead as
such.

Next, as shown in FIG. 2A, the optical lens preform 40
shaped at the optical lens preform fabrication step 1s heated up
to or beyond a deformation point of the glass material in an
clectric furnace 35 or the like and drawn to a desired size (a
drawing step). It 1s desirable that the electric furnace 35 1s
formed 1n a ring shape which surrounds the optical lens pre-
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form 40 and 1s capable of heating the optical lens preform 40
umiformly and equidistantly from around. A temperature
adjuster apparatus 32 1s connected to the electric furnace 35,
so that i1t 1s possible to adjust a drawing temperature by
changing the temperature of the electric furnace 35. Mean-
while, for the purpose of rolling thus heated optical lens
preform 40 through drawing, feeding rollers 90 which feed
the preform 40 1nto the electric furnace 35 and pulling rollers
33 are used. For drawing of the optical lens preform whose
shape 1s semi-cylindrical as described above, as the pulling
rollers 33 firmly hold the pair of drawn side flat surface
portions 44 from the both sides, the optical lens preform 40
which 1s being drawn 1s prevented from twisting.

When 1t 1s determined that the outer diameter of the optical
lens preform 40 has become a desired outer diameter (0.5
through 15 mm) as a result of the drawing process, cutters 37
which are disposed below the pulling rollers 33 cut the optical
lens preform 40. A wire diameter measuring apparatus 38
disposed 1n front of the pulling rollers 33 makes this deter-
mination. The wire diameter measuring apparatus 38 com-
prises a laser part which emits laser light, a light receiver part
which recetves laser light which has passed through the opti-
cal lens preform 40, and an analyzer part which calculates the
outer diameter of the optical lens preform 40 from the amount
of light received by the light recerver part, etc. A preform 50
obtained as a result of the severance by the cutters 37 is
shaped like a rod whose length 1s 5 mm through 2000 mm.
This preform 50 1s cut into a desired length and ground,
whereby an optical lens 1s obtained (an optical lens fabrica-
tion step). The preform 50 easily breaks when too long, but 1t
1s inconvenient to cut and grind when too short. The paired
side flat surface portions 44, edge portions 48 and the like
other than the first curved portion 43 (the optically function-
ing part) may be polished into desired sizes. While thus drawn
material 1s wound around a drum or the like for production of
an optical fiber, etc., making of an optical lens 1s characterized
in that thus drawn material 1s cut to obtain the preform 350.

The optical lens 1 fabricated 1n this manner, owing to the
characteristics of the drawing process, has the same cross
sectional shape as the to-be-drawn optical lens preform 40.
Since 1t 1s not necessary to mold the optically functioning part
43 when the material 1s still a very small drawn element, the
burden upon making 1s reduced. In addition, since the optical
lens preform 40 comprises the paired beveling surfaces 75
according to the first preferred embodiment (and similarly 1n
preferred embodiments described below), the manufactured
optical lens 1 has only a suppressed drawing-induced distor-
tion 11 any. In the optical lens 1, as shown in FIG. 2B, outgoing
light 7 1s emitted after the optically functioning part 43 dis-
posed on the light outgoing side has collimated or converged
incident light 6.

FIG. 3 1s a cross sectional view of a optical lens preform
according to a comparison example and a cross sectional view
of an optical lens which 1s fabricated by drawing this optical
lens preform. A optical lens preform 540 whose cross section
1s shown on the left-hand side 1n FIG. 3 comprises a curved
portion 53 which 1s convex and on one side, the flat surface
portion 71 which 1s formed on the opposite side to the curved
portion 53, and the paired side flat surface portions 44 which
are disposed between curved portion 53 and the flat surface
portion 71. The paired side flat surface portions 44 are parallel
to each other.

A characteristic of the drawing step 1s that as the preform 1s
heated, the cross sectional shape of the preform 1s deformed at
other than an optimal temperature and an optimal feeding
speed. In other words, as shown on the right-hand side in FIG.
3, the paired side flat surface portions 44, the flat surface
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portion 71 and the corners of these of the optical lens preform
540 deform at the drawing step. These deform differently
depending on a drawing environment, and shown in FIG. 3 1s
an example where these have hollowed. For clarnty of 1llus-

tration, these deformations at the drawing step are highlighted
in FIG. 3 (and also 1n FIG. 4 and FIG. §).

FIG. 4A and FIG. 4B are cross sectional views of the
optical lens preform according to the first preferred embodi-
ment and an optical lens which 1s fabricated by drawing this
optical lens preform. As shown on the left-hand side 1n FIG.
4 A, the first curved portion 43 (aspheric surface) which will
become the optically functioning part after drawing 1s on one
side of the to-be-drawn optical lens preform 40 according to
the first preferred embodiment. A flat surface portion 71
exists on the opposite side to the first curved portion 43.
Further, there are the paired side flat surface portions 44
which are parallel to each other between the first curved
portion 43 and the flat surface portion 71. In addition, there
are paired beveling surfaces 75 on the both sides of the flat
surtace portion 71. As shown on the left-hand side 1n FIG. 4B,
the paired beveling surfaces of the optical lens preform 40
according to the first preferred embodiment may be curved
surfaces (the paired beveling surfaces 85).

According to the first preferred embodiment, as shown on
the right-hand side 1n FI1G. 4A and FIG. 4B, the paired bev-
cling surfaces 75 are formed 1n advance 1n the optical lens
preform 40 and the shape of the preform accordingly
becomes close to a cylindrical shape, so that 1t 1s possible to
suppress a drawing-induced distortion better than that shown
in FIG. 3. In the case of the optical lens preform 40 which 1s
shown 1n FIG. 4B, since the beveling surfaces are curved
turther (beveling surfaces 85), a distortion 1s even less likely.
Further, since the curvature of the first curved portion 43
which 1s formed as an aspheric surface 1s sufliciently large, a
drawing-induced distortion does not easily develop (exceptin
the corner portions as described later), thus suppressing dam-
age on the aspheric shape during drawing (which 1s also
similar to the optical lens preforms 140 and 240 shown 1n
FIG. 5§ and FIG. 6). As a distortion 1s thus suppressed, the
optical lens 1 whose optically functioning part 43 1s formed as
designed 1s obtained.

FIG. 5A and FIG. 5B are cross sectional views of a optical
lens preform according to a second preferred embodiment
and an optical lens which 1s fabricated by drawing this optical
lens preform. As shown on the left-hand side 1n FIG. SA and
FIG. 5B, in the to-be-drawn optical lens preform 140 accord-
ing to the second preferred embodiment, the flat surface por-
tion 71 of the optical lens preform 40 according to the first
preferred embodiment 1s replaced with a second curved por-
tion 41 (which 1s a convex curved surface) whose curvature 1s
smaller than that of the first curved portion 43 which 1s a
spherical surface. This makes the overall shape closer to a
cylindrical column, and hence, 1t 1s possible to better suppress
a drawing-induced distortion (the right-hand side 1n FIG. 5)
than shown 1n FIG. 3 wherein the flat surface 1s used. The
second curved portion 41 functions also as an optically func-
tioming part which functions in response to light. Making of
the optical lens preform 140 1s designed considering an opti-
cal function of the second curved portion 41.

When a convex curved surface 1s disposed each on the light
incident side and the light outgoing side in this manner, there
1s a Turther advantage that owing to a function of the curved
surface on the light incident side, a location from a light
source may be lengthened by the equivalent distance. Further,
when the curvatures of the two curved portions are changed,
a distance from the light source can be adjusted.
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FIG. 6 A and FIG. 6B are cross sectional views of a optical
lens preform according to a third preferred embodiment and

an optical lens which 1s fabricated by drawing this optical lens
preform. As shown on the left-hand side 1n FIG. 6 A and FIG.

6B, i the to-be-drawn optical lens preform 240 according to
the third preferred embodiment, the second curved portion (a
convex curved surface) 41 of the optical lens preform 140
according to the second preferred embodiment 1s replaced
with a second curved portion (a concave curved surface) 61
whose curvature 1s smaller than that of the first curved portion
43 which 1s a spherical surface. As shown on the right-hand
side 1n FI1G. 6, the preform 1s formed 1nto a hollowed shape 1n
advance, and therefore, it 1s possible to suppress a drawing-
induced distortion better than that shown 1n FIG. 3.

Patent Gazette No. 3121614 reveals a optical lens preform
like that shown 1n FIG. 3 which comprises a curved surface on
one side and a flat surface on the other side. When such a
preform 1s drawn, the flat surface portion 1s largely deformed
at the drawing step as described above, which in turn alters an
optical characteristic of a fabricated optical lens.

The same gazette also discloses a optical lens preform
which 1s formed to have the same curved surface shape on the
both sides. When these curved surfaces are formed as
aspheric surfaces, since the curvature of the curved surface
portions on the outer side 1s smaller than that on the inner side,
corner portions of the side flat surface portions are sharper
than where these curved surfaces are formed as spherical
surfaces. This gives rise to a problem that the shape of these
corner portions easily deform at the drawing step (or that the
shape easily deforms as 1f they were pulled toward the inner
side of the curved surface portions whose curvature 1s large).
Since the aspheric surfaces are disposed in an attempt to
improve optical characteristics, when these portions are
deformed, an optical characteristics of a fabricated optical
lens are harmed. In the case of the optical lens preform
according to this preferred embodiment, since the beveling
surfaces 75 and 835 are formed in advance on the corner
portions of the second curved portions 41 and 61 as described
above, the corner portions of the second curved portions 41
and 61 which are the curved surfaces on one side do not easily
become distorted. As described later, the beveling surfaces 75
and 85 formed on the corner portions of the second curved
portions 41 and 61 will not lead to a problem related to optical
characteristics (1.e., a problem related to an effective area of a
lens).

FIG. 7 1s a drawing which shows an optical function of the
optical lens according to the first preferred embodiment.
Light irradiated from a laser light source 25 (incident light 6:
divergent light) impinges upon the flat surface portion 71, and
1s then emitted (outgoing light 7) after being collimated by the
optically functioning part 43 which 1s disposed on the light
outgoing side. As shown 1n FIG. 7, used as a light incident
surface of the optical lens 1 is the side surface on which side
the paired beveling surfaces 75 exist (1.e., the flat surface
portion 71). Thus, when the optical lens 1 1s used, an outer rim
portion of the light incident surface side 1s never used as an
optically functioning part on the light incident side, the paired
beveling surfaces 75 formed on the both sides will not lead to
a reduction 1n a lens effective area of the optical lens 1 but
instead makes it possible to effectively utilize the lens effec-
tive area of the optical lens 1.

While the foregoing has specifically described the present
invention 1n relation to the first through the third preferred
embodiments, for implementation, the present invention 1s
not limited to each one of these preferred embodiments, but
may be modified as to the shapes, the sizes, the arrangements,
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the structures and the like while covering all modifications to
the invention which are within the claimed scope of the inven-
tion.

INDUSTRIAL APPLICABILITY

The method for making an optical lens according to the
present invention allows to determine the shape of the optical
lens, and the shape of the optically functioning part in par-
ticular when the material 1s still a pre-drawn preform, and
hence, 1t 1s possible to process the preform 1n a suiliciently
large size, thereby permitting to easily and accurately form
the shape of the optical lens and the shape of the optically
functioning part 1n particular. It 1s also possible to reduce the
burden upon making.

In addition, since the optical lens preform comprises the
beveling surfaces, 1t 1s possible to suppress a drawing-in-
duced distortion of the preform. This realizes an optical lens
which comprises an optically functioning part which accu-
rately functions 1n response to light.

The invention claimed 1s:

1. A method for making an optical lens, comprising:
an optical lens preform fabrication step of fabricating the
optical lens preform which 1s formed by a transparent
material and 1nto the shape of a column, the optical lens
preform fabrication step including:
forming a first curved portion on one side;
forming a second curved portion on the opposite side to
said first curved portion and which has a smaller cur-
vature than that of said first curved portion; and
forming paired beveling surfaces along a column axis

direction on the both sides of said second curved
portion;
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a drawing step of drawing said optical lens preform fabri-
cated at said optical lens preform fabrication step until
said optical lens preform has obtained a desired outer
diameter; and

an optical lens fabrication step of cutting said optical lens
preform drawn at said drawing step and accordingly
fabricating an optical lens,

wherein said first curved portion of said optical lens pre-

form drawn at said drawing step functions as an optically

functioning part which functions 1n response to incident
light or outgoing light.

2. A method for making an optical lens, comprising;:

a drawing step of drawing an optical lens preform until said
optical preform has obtained a desired outer diameter,
the optical lens preform being formed by a transparent
material and 1nto the shape of a column, the optical lens
preform including:

a first curved portion which 1s formed on one side;

a second curved portion which 1s formed on the opposite
side to said first curved portion and which has a
smaller curvature than that of said first curved portion;
and

paired beveling surfaces which are formed along a col-
umn axis direction on the both sides of said second
curved portion;

an optical lens fabrication step of cutting said optical lens
preform drawn at said drawing step and accordingly
fabricating an optical lens,

wherein said first curved portion of said optical lens pre-

form drawn at said drawing step functions as optically

functioning part which functions 1n response to mncident
light or outgoing light.
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